I observed estrus in two adjacent troops (A-troop and M-troop) of wild Yakushima macaques during the 1984 mating season. A-troop females showed short and regularly cycling estrus periods, seldom came into estrus simultaneously, and scarcely failed to mate when they were in estrus. In contrast, females of M-troop, which went through troop takeovers during the mating season, demonstrated mate competition and subsequent estrus prolongation. Early in the mating season, con stantlyfour to seven females of M-troop were in estrus simultaneously, competed for troop males (TMs), and some of them failed to mate. Subsequently many non troop males (NTMs) approached to the troop, estrous females mated with them frequently, and mating harassments by females decreased. Among those NTMs, one dominated all TMs, which was referred to as a troop takeover. Successively three other NTMs dominated both all TMs and the former dominant NTM, and in total, four troop takeovers occurred in M-troop during this mating season. The fe malescontinued to be in estrus during the whole episodes. All the conceived fe malesalso showed prolonged postconception estrus, and they were neither inactive nor less attractive to males. It was suggested that M-troop females increased their opportunity to mate with NTMs by estrus prolongation, at the cost of female-female mate competition, to incite active male intertroop movement and subsequent troop takeovers.
Introduction
Although female estrus and sexual receptivity in catarrhine are influenced by her menstrual cycles and assure her impregnation (Beach, 1976) , they also have greater flexibility in timing than concentrating around ovulation. Females in some macaque species are sexually active both midcycle and perimenstrually (Loy, 1970) , and often show prolonged estrus (Takahata, 1980) . They also show frequent postconception estrus (e.g., Japanese macaque; Hanby et al., 1971; Takahata, 1980: Rhesus macaque; Loy, 1971 : Barbary macaque; Kuster and Paul, 1984) , which is not directly related with reproduction. Hanby et al. (1971) pointed out that receptivity and attractivity of Japanese macaque females who conceived were not different from those who had not conceived, and that neither ovulation nor conception had any discernible effect on the frequency and pattern of sexual activity, nor were female dominance and age related to early conception.
Using this estrus/mating flexibility, female primates seem to manipulate the rela tionshipswith males in order to improve their reproductive success. In particular, in recent trend for the studies of sexual selection among macaques, researchers put stress on female reproductive tactics as conflicting against those of males, i.e., fe malemate choice does not always work in favor of male-male competition, and of tenaffect male reproductive success more than competition among themselves (e.g., Manson,1995; Bercovitch, 1995; Soltis et al., 1997; Berard, 1999; Takahata et al., 1999) . However, the nature of female choice and non-reproductive matings, which often bring the inconsistency between male mating success and his reproductive suc cess,are not yet systematically explained from her own reproductive strategies (Takahata et al., 1999) . Although many researchers had been trying to explain such estrus and mating flexibility by functions other than fertilization, those hypothesis mainly propose female tactics to mate with multiple males from making paternity of offspring obscure than avoiding infanticide (Hrdy,1979; Taub, 1980) , which is not really the case of macaque species where infanticide hardly occurs. Indeed, the flexibility of macaque female estrus and sexual activities are beyond their menstrual cycles, and dramatically heightened when some social changes, e.g., during the process of the entry of the new male (s) into the group, happened (e.g., Japanese macaques; Wolfe, 1976 ; rhesus macaques; Wilson and Gordon, 1979 ; longtailed macaques; Adams et al., 1985) . Female estrous conditions seem to be enhanced by those social disturbances and result into prolonged estrus or postconception es trus (Wolfe, 1976) . Such "excessive" estrus or sexuality (Small, 1988 ) may need to be reviewed from those of wild population like Yakushima macaques, where many small-sized troops are distributed continuously and frequent social dynamics take place through the matings between females and non-troop males (NTMs) who visit the troop (Yamagiwa, 1985; Sprague, 1992) . Under the circumstances, female sexu alityand mate choice may possibly establish relationships with males beyond the troops, thus influence to the sociodemographic dynamism of the local population.
Here I present a case of estrus synchrony and prolongation observed in a wild Japanese macaque (M. f. yakui) troop of Yakushima Island. In the 1984 mating sea son,I observed female estrus and mating activities in A-troop and M-troop. A-troop females showed short and delimited estrous periods and regularly cycling estrus, which was consistent to their menstrual cycles. as grimaces. There was a linear dominance relationship among three kin-groups of A-troop (Tt group>Mg group>Hp group) and between two kin-groups of M-troop (Ak group>It group). All NTMs were individually identified as far as possible.
Methods
All the data were recorded between 1 October and 19 December in the 1984 mat ingseason. The data on female estrous conditions and copulations collected by T.
Maruhashi, J. Yamagiwa, and D. Sprague were also included in the analysis. The study period was divided into 6 periods according to the changes of the social con textsin M-troop (see Table 1 ). The combined total observation time of the four re searcherson A-troop and on M-troop was 222h 32min (44 days) and 264h 4min (57 days) respectively. The overlap in days of observation of the troops was 39 days.
Estimation of Estrous Period
On each observation day, I checked estrous conditions with one-zero sampling, by physical or behavioral signs of estrus, or by copulation. Physical signs of estrus con sistedof swelling of sexual skin, redness of facial and sexual skin, or vaginal smell, which appeared irregularly. Sexual behaviors described by Enomoto (1974) , were used as behavioral signs of estrus (see Okayasu,1992 , for detail). Among 23 behav ioralpatterns, some like 'approach' or 'walking by' were regarded as estrous behav iorsonly when a female performed them towards males. Other behaviors, i.e., 're ceivingsexual behaviors from males,' 'branch-shaking displays with barking,' 'ha rassmentof mating pairs,' and 'masturbation' were observed only in the sexual con texts,therefore adapted to determine female estrous conditions when the observation was too brief to recognize her other sexual behaviors. I observed females by focal animal sampling which varied in length from 15-min to 8hrs per day. Estrous conditions of non-focal females were checked as well by ad lib. sampling. Females sometimes moved away from the troop whole day, making observations on them impossible. Females were assumed to have continued to be in estrus during those days, if they showed estrous signs either on the day before or after the observation gaps. Copulations which occurred around the focal animal were recorded by ad lib. sampling.
Female estrous periods were determined by the cessation of her sexual behavior, since I could not confirm her menstrual cycles neither by hormonal changes nor by virginal breeding. The frequency distribution among the different lengths of cessa tiondecreased between 9 and 11 days (Fig. 2 ). This suggested that when a female had a period of less than 9 days with no sexual behavior, I could regard it as a tempo rarycessation of her sexual activities within one estrous spell, while when it lasted more than 11 days, I should regard the sexual periods before and after this cessation 
Simultaneous Estrus and Female Mate Competition
In A-troop, females showed short and delimited estrous periods which scarcely overlapped with those of others (Fig. 3) , and an average of two or fewer females were in estrus simultaneously (Table 1) . Female harassments of matings were not observed in the troop. Therefore, estrous females consistently gained their partners when they showed clear estrous signs. Te, for example, was observed to be with her partner on seven out of eight days of her estrus during the study (Fig. 3) .
In contrast with A-troop, four females of M-troop were already in estrus at the beginning of the study and the number increased up to seven on 17 October (Fig. 3) . Two adult and two young adult TMs, however, were available for their mating part nersat that time.
Both adult TMs tended to form consort relationships with only adult females like Ak, Sk, or Sd which lasted whole day. As a result, intense harassments of matings over young adult males occurred among other estrous females, lasting 10-30min, often resulting in the mating pair separated before or during the mounting series (Table 1) . Three to four estrous females were gathered around a TM, presenting to him or threatening another estrous female, thus creating a lot of antagonism among themselves. Hence females like Ks or Si failed to mate during this period even if they showed active behavioral estrous signs (Fig. 3) , and the copulation frequency in Mtroop did not increase correspondingly to the increase of the number of estrous fe males (Table 1) . On 4 October, for example, persistent harassments of matings among Ks, Si, and Sm lasted for 1h 9min. Three females presented to an young adult male PC by turns, but he tried to male only with Si. Ks, however, kept threatening the other two so that none of them could mate. At last, when Si presented to PC and Ks chased and mounted Si, he began to move, leaving them. Such antagonism accompanied by peculiar sounds or screams of estrous females seemed to draw males' attention in neighboring troops. The first two NTMs appeared around M-troop on 18 October with increasing numbers as days progressed.
Mating harassments by females decreased after 20 October, when estrous females in M-troop eventually gained 6 NTMs for possible mating partners and each female began to copulate with males (Table 1) . Harassments were observed 1.3 episodes per observation day during 1-20 October, while 0.3 during the rest of the study period.
In total, I observed 24 episodes of female harassments (Table 1) in 15 femalefemale dyads of M-troop, of which 11 were directed fromthe dominant to the subor dinate,while 13 were in the opposite direction. Thirteen episodes were between nonkin dyads, while 11 were between kin dyads. Estrous females harassed the domi nantsor kin females as well as the subordinates or non-kin females, although the sample size was too small for the statistical analysis.
Although mating harassments by females decreased drastically after the appear anceof NTMs, it did not entirely diminish even after they got enough number of NTMs for their partners (Table 1) . Different from early in the mating season, an estrous female with her partner harassed another pair in those cases. On 22 Novem ber,for example, Ab repeatedly approached to a mating pair, Si and K2 (an NTM) from 20m away, while she was grooming another NTM SS. Ab presented to K2 (or less likely threatened Si), then went back to SS to restart grooming. K2 kept ignoring Ab until Si escaped from him. Hence K2 chased Ab in aggressive manner and moved away from her, following Si. Ab fled away then went back to SS.
In those cases, the harassing female seemed more to reveal her 'heat' or sexual hyperactivity by harassing the mating pair than to compete for her partner. Or else, she might try to gain an extra mating partner by going back and forth between two males, to assure her mating promiscuity. Those attempts, however, often encoun teredthe harassed male's aggressive rejection and did not contribute to her immedi atemating success. Rather, her primary matings prolonged and delayed while she was engaged in harassments, which seemed not to contribute to her mating success neither.
Troop Takeovers
A total of 28 NTMs approached A-troop but none of them dominated TMs, i.e., troop takeovers did not occur during the study.
Females of A-troop did not copulated with NTMs as often as with TMs through outthe study. There were few chances for estrous females to mate with NTMs unless they stay away from the troop, since NTMs were chased away by multiple TMs if they tried to mate with females along the troop. Under the circumstances, only six of 28 NTMs (21.4%) were observed to copulate with one or two A-troop females (from one to four times), except an NTM who copulated 11 times with four partners. The copulations with NTMs occupied 17.5% (21/120) of all the observed copulations in A-troop.
On the contrary, most of the 47 NTMs who approached M-troop attempted to mate along the troop from the beginning. Cooperative attacks by TMs successfully prevented them from coming into the troop until the first troop takeover took place on 26 October. Nevertheless, TMs could not prevent all the estrous females from mating with NTMs, since there were constantly more estrous females than adult TMs (Table 1) and those who were not with their partner tended to be away from the troop in order to find NTMs as their mating partners (Okayasu, 1992) . Lots of ag gressiveencounters occurred between TMs and each NTM. Table 1 illustrates approaches of NTMs to M-troop and process of troop take overs.In M-troop, the ratio of copulations with NTMs reached 68.8% (132/192) after the first takeover by NR, compared with 28.6% (4/14) before the takeover (18- (Nigi, 1975) or 26.5 days for a provisioned troop (Takahata, 1980 (Seyfarth, 1978) .
To a lesser extent, estrus synchrony itself can operate as female mate competition (Wasser, 1983; Bercovitch, 1995 female competition became pronounced up to the level of intense harassments of matings.
The particular reproductive feature of Yakushima macaque population is the high intertroop mobility of males during the mating season (Maruhashi, 1982; Yamagiwa, 1985; Sprague, 1992) . Taking this social context into account, estrus synchrony in M-troop seemed to have resulted in enlarging the number of mating partners by inciting male intertroop movement, even if M-troop males became temporally "limit ed"resources for females to compete. They gained NTMs (including TMs from neigh boringtroops) as additional partners fairly soon, and once NTMs began to appear around M-troop, the number reached as many as estrous females within a day.
Note that high degree of harassment and interruptions of matings did not appear to have negative effects on conception rate among females in M-troop. The proportion of M-troop females conceived in the 1984 mating season was similar to that of Atroop females. The average birth rate of 0.27 between 1974 and 1993 (Takahata et al., 1998) also suggested that the conception rate in M-troop during the study was not low at all. All the three females who gave live births in the next birth season became pregnant by 23 October, which agreed with the tendency that Yakushima macaque females conceive in early half of the mating season, i.e., between Septem berand November with the peak in October. Those aspects indicated that the fertility of M-troop females might not have changed irrespective of social contexts during the mating season. Intensity of harassment did not prevent females from conception, and all the three females who gave live births in the next birth season became pregnant while female harassments of matings were most frequent and intense. They might not have been as serious or stressful as those between males, which sometimes derive the physical fights. Or females might harass the others more because of their sexual hyperactivity (Takahata, 1980) than for competing mates, as seen in Ab's case. Therefore, the ha rassmentswere not severe enough to influence female conditions, and the subordi natesharassed the dominants as often as the other way around, or they often harassed each other within their kin-group.
Excessive Sexuality in Female Japanese Macaques
Throughout the 1984 mating season, the conditions of M-troop females seemed to be kept hypersensitive (Okayasu, 1992) . All the three females continued to be in estrus even after they conceived, in contrast with A-troop in which no postconcep tionestrus was recognized except Hm for only one day (Fig. 3) . The mean cumula tivepostconception estrus in M-troop reached excessively long for over 40days.
Estrous conditions of those M-troop females might be heightened by the appear anceof many NTMs and the consequent troop takeovers, which occurred soon after or at the end of their fertile estrus. The dominant adult female, Sd, for example, had been in estrus for 56 days after her conception ( Fig. 3 ) and observed to copulate 36 times during her postconception estrus. She copulated more with NTMs (22 times with 13 partners) than with TMs (14 times with 3 partners) during that time. Also another adult female, Sk, being in postconception estrus for 48 days (Fig. 3) , copu latedmore with NTMs (28 times with 11 partners) than with TMs (4 times with 3 partners) during her postconception estrus (Okayasu, in prep.) .
Other females in M-troop, except an old adult, It, also showed prolonged estrous periods of more than 40 days, much longer than A-troop ( Fig. 3) . Their estrous dura tionwas considerably longer than any of those reported so far (13.6 days [Takahata, 1980] or 8.9 days [Huffman, 1991] among Japanese macaque females in a provi sionedtroop; 9.2 days [Carpenter, 1942] , 11.0 days [Kaufmann, 1965] , or 5.2 days [Loy, 1971] among rhesus macaque females of Cayo Santiago). They showed es troussigns throughout the menstrual cycle, in "runs" as reported in a provisioned troop of Japanese macaques (Wolfe, 1984) . M-troop female conditions seemed to be kept hypersensitive even out of their midcycle, therefore coming into estrus immediately when some social antagonism occurred in the troop, e.g., troop encounter, as reported elsewhere (Okayasu, 1992) . In patas monkeys, there is also some evidence that an enhanced level of social ex citementmay bring female monkeys into estrus (Rowell and Hartwell, 1978) . Rowell (1978) called this enhancement of female sexual activities as 'Hoo Haa Effect,' following social disturbance such as an novel male entry to the group. Prolonged estrus in M-troop females may be one of the case of 'Hoo Haa Effect' or socialcontext-dependent estrus as Wolfe (1976) suggested in the mentioned Japanese macaque troop, being facilitated by the constant presence of unfamiliar NTMs and by the frequent troop takeovers. The effect becomes more evident in comparison with short and delimited estrus in A-troop, in which no conspicuous social incident occurred while NTMs appeared.
M-troop females did neither fail to conceive during the social antagonism at the beginning of the mating season, nor achieve higher conception rate with such socialcontext-dependent estrus or "excessive sexuality" (e.g., prolonged estrus, postconception estrus; Small 1988) in later two third of the mating season. Although Yakushima macaque females tended to have less fertility in the later half of the mating sea son,the reason why M-troop females in prolonged estrus did not conceive remained uncertain.
However, there is some evidence that male rhesus macaques who formed long term consort relationships have greater reproductive success than those with sneaky tactics (Berard et al., 1994) . In other words, in order to conceive, females may also need to form consort relationships with males during their fertile estrus. All the three females of M-troop who became pregnant formed consort relationships with TMs during their fertile estrus, responding to his constant follow (Okayasu, unpublished data). Hence, female choice of NTMs with extreme mating promiscuity during their prolonged estrus (Okayasu, in prep.) might have affected to their conception. In con trast,A-troop females tended to form consort relationships with TMs (Okayasu, in prep.) during their delimited estrous periods.
Yakushima macaque females may develop excessive sexuality to attract many NTMs and so enlarge the range of potential partners in the mating season. Moreover, simultaneous and prolonged estrus in M-troop females did not only attract individual NTMs, but also incited male-male competition beyond the troop by encouraging the confrontation between NTMs and TMs. Non-estrous females tended to avoid NTMs or even tried to exclude them with TMs, whereas estrous females showed active proceptivity toward NTMs (Okayasu, 1992) . The mating attempts by NTMs in Mtroop eventually caused troop takeovers in succession (Sprague et al., 1996) .
Such tactics of females may need to be considered from a long term reproductive strategy. The frequent male transfers in Yakushima population produce sociodemo graphicvariation within a troop over time and sociodemographic diversity among troops in a local population , which may influence female repro ductivestatus over time. Although NTMs scarcely contribute to the immediate re productionfor the next birth season, they often cause the troop takeovers or troop fission when immigrating into the troop (Maruhashi, 1982 (Maruhashi, , 1991 Yamagiwa, 1985 , Sprague et al., 1996 . Those social dynamics may require females to reorganize troop integration or intratroop social relationships, but may also give them a chance to improve the quality or quantity of their home range by dominating adjacent troops with newly immigrated male(s) (Maruhashi, 1982 (Maruhashi, , 1991 Takahata et al., 1999) . On the other hand, if females failed to manipulate the situation, their troop itself may extinct in the extreme cases, which actually happened to M-troop (Takahata et al., 1994) .
Takeovers of the alpha-male (or a harem male) status had been reported mainly from species which live in one-male groups (e.g., redtail monkey; Cords, 1984; blue monkey; Cords et al., 1986) . The male influx into groups of these species coincided with female estrus synchrony, as observed in this study. Cords et al. (1986) speculat edthe relation between female estrus synchrony and male influx as the reciprocal stimulation both between and within the sexes, producing a cascade of sexual activ ity.Females of these species have no conspicuous changes in coloration or the pres enceof sexual swellings indicating their ovulation, similar to Japanese macaque fe males (Enomoto, 1974) , who are living in multimale troops, and their social-con text-dependence of estrus and characteristics of mating show similar tendency irre spectiveof their social organization.
